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Materials and methods
Vibrations induced by impacts on asteroids
In the manuscript, we show that granular processes on asteroid Itokawa are likely caused by vibrations.
Although we consider that the vibrations could be caused by several factors, such as impacts, tidal effects, thermal fluctuations, or low-speed collisions between the Head and Body, in Fig. 4A we discuss the seismic effect of impacts in order to argue that it is easier for a smaller asteroid to be shaken at sufficiently large accelerations that can destabilize materials. In the following, we show the derivations of the equations used to draw First, we consider a rock that is vibrating at the maximum half-cycle amplitude, A, and the seismic frequency, f. The average seismic strain energy per unit volume of rock e is (3):
where ρ a is the bulk density of the asteroid. The maximum acceleration a can be expressed as:
Putting the above equation into (1), we obtain 
Total seismic energy density in the system may be given as 2e (2, 3) . In this case, the total amount of seismic energy, E s , of the asteroid whose radius is D a is given as (2):
Assuming that the seismic energy is completely supplied by the kinetic energy of an impactor E i , we can
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Because the gravitational acceleration at the surface of the asteroid, g, is given as
we obtain the ratio of the maximum acceleration and the surface gravity, a/g, as Because Itokawa is considered to have a rubble-pile structure, the seismic energy attenuation should not be neglected. However, a precise estimate is difficult to make especially without knowing the size distribution of the rubble. Thus, a diffusive scattering theory might be a realistic approach as adopted by
Richardson et al (2) . In this theory, the seismic energy density is expressed as (4):
where K is the seismic diffusivity and Q is the seismic quality factor. Richardson et al solve the above equation in Cartesian coordinates for a rectangular target body and obtain an order-of-magnitude estimate for the amount of seismic attenuation (A t ) that occurs over the course of propagating from one side of the asteroid to the other as (2):
( 1 0 )
Therefore, a/g on a diffusive body may be written as
The above equation is used to plot the solid lines in Fig. 4A .
Some of the parameters used above are in fact difficult to determine. Furthermore, the spectrum of the seismic wave and its attenuation could be very different depending on interior structure, specifically whether mechanically coherent or rubble pile. On the other hand, the high coefficient of restitution was found for Hayabusa at Itokawa, which may indicate that Itokawa might be a highly-comminuted rubble pile and its seismic behavior might not be largely different from that of fractured monolith than it might appear. Because our purpose is to show a general trend of how the size of a small body affect maximum 
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Volume of pebbles on Itokawa
In Fig. 4B , we show the cumulative size-distributions of gravels on the surface of Itokawa. Because the log-log slopes of the distributions measured for both cobbles and boulders are about -2.8 and the total number of boulders larger than 5m is 530 (5), the cumulative number (N) of boulders may be approximated as: Smooth terrains appeared in both "eastern" and "western" sides of Itokawa. Note that the region name "Muses-C" was formally nicknamed as "Muses sea". "Head" and "Body", defined in (7), are roughly plotted. Surface areas of the Muses-C (blue), Sagamihara (green), and Uchinoura (red) regions are 0.039 km 2 , 0.031 km 2 , and 0.005 km 2 , respectively (We developed a computer software tool, which enables us to map regions directly on the shape model. This process is required for the precise measurement of areas to remove geometrical bias. The shape model that we used has 3,071 facets). The total area of smooth terrains (0.075km 2 ) corresponds to ~20% of the surface area of Itokawa (0.398 km 2 ). If we assume that the pebbles covering the smooth terrains have a typical depth as deep as the typical roughness in the rough terrain, which is assumed here to be ~3m, a minimal estimate of the total volume of pebbles may be on the order of ~2.3 x 10 5 m 3 .
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